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OVERSPEED CONTROL SYSTEM FOR GAS
TURBINE ELECTRIC POWERPLANT

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation of U.S. application Ser.
No. 10/123,489, filed Apr. 16, 2002, now U.S. Pat. No. 6,895,
3235, which 1s incorporated herein by reference.

BACKGROUND AND SUMMARY OF TH.
INVENTION

L1

The present invention relates to a gas turbine electric pow-
erplant, and more particularly to a system for controlling a
turbine engine used to operate the powerplant. The power-
plant uses a turbine engine, such as an aircraft engine, to
operate an electric generator that produces electric power.
The system of the present invention ensures that the speed of
the turbine engine will not exceed a sate limit should the load
on the turbine engine be dropped. The system of the present
invention allows the powerplant to be operated safely 1 an
unattended condition.

There are numerous situations wherein 1t may be desirable
to use a powerplant of the present invention. For example, 1t
may be necessary to provide electrical power to a remote area
that 1s not supplied by a utility company. Electric power
consuming operations that are commonly conducted 1n
remote areas include, for example, drilling for o1l and natural
gas. Such operations may require more power than can be
supplied by typical gas or diesel generators. When such an
operation 1s too remote to recerve power from a utility, the
powerplant of the present imnvention may be used to supply
clectric power to the operation. Similarly, the powerplant of
the present invention can be used when electric power pro-
duction 1s required on only a temporary basis. For example, 1n
the above-described remote drilling operation, utility power
may be available, but the cost may be prohibitive based on the
short period of time during which electric power will be
required. Such a situation may also occur during large-scale,
remote construction projects.

The power plant of the present invention may also be used
to provide backup power during interruption of electric power
supplied from a utility or other source. The powerplant of the
present invention may be brought online 1n as little as 30-60
seconds, thereby preventing long periods of down time. Use
of the powerplant for backup power may be highly effective
for commercial buildings, manufacturing facilities, hospitals,
or other locations wherein a long term interruption of electric
power 1s particularly problematic.

One or more of the powerplants of the present invention
may also be used 1n a variety of ways by a producer of electric
power. For example, an electric utility may utilize one or more
of the powerplants to provide load-leveling or peak shaving
during periods of high demand for electric power. Utilities
commonly struggle with the problem of meeting peak
demand, which occurs typically at particular times of the day,
and 1s usually more severe during certain times of the year.
Peak demand 1s the result of consumers using more electricity
at particular times of the day than at others; for example,
during the waking hours as opposed to during the mghttime
hours. To meet peak demand, power plants must typically be
overdesigned—meaning that they only run near peak eifi-
ciency during periods of high demand. Therefore, for the
majority of a given day, the power plant runs at a reduced
output and, unfortunately, a lower efliciency.

By employing the powerplant of the present invention,
utility power generating plants could be designed to meet
only average demand while running at optimum etfficiency.
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One or more of the power plants of the present mvention
could then be tied to the utility’s distribution grid, and when
peak demands arise, the powerplants can be operated to inject
additional electric power 1nto the grid.

The control system of the powerplant of the present inven-
tion can provide for automatic start-up and operation when
high demand 1s detected. When the demand ebbs, the power-
plants can be shut down as needed. The portability of the
powerplant of the present invention also allows additional
units to be set up at a utility if needed to meet increasing peak
demand. Such a situation may occur when a particular area or
areas served by a utility grows at a faster than expected rate.
In this manner, both the cost of building a utility plant and the
cost of producing electricity may be reduced, while still
ensuring that peak demand can be met.

The powerplant of the present invention can also be used as
a source of co-generation electric power. For example, the
powerplant may be installed at an industrial facility and tied
into the facilities electric power transmission and distribution
system 1n order to augment the electric power supplied by an
clectric utility company. The cost to purchase electric power
from a utility may vary throughout a given day or week. For
example, 1t 1s common for large industrial facilities to limited
in the amount of power they may use, or to otherwise be
charged a significantly elevated price during periods of high
demand. Such may occur, for example, during periods of
extreme weather, when the general consumption of electric
power typically increases. When such a situation exists, the
industrial facility may operate one or more of the powerplants
to supplement the electric power 1t receives from the utility. In
this manner, the industrial facility can avoid having to either
reduce 1ts power consumption or pay a higher cost for electric
power during such periods. The hot exhaust from the turbine
engine may also be harnessed to provide heat or power to
other devices.

The powerplant of the present invention can also be used as
a source of distributed power generation. As certain popu-
lated areas grow, the demand for electric power generally
increases. Many times, the provider of electric power does not
have the capacity to meet the increased demand. For this
reason, electric utilities often form cooperatives, or otherwise
enter into agreements wherein electric power may be sold and
delivered between the utilities. Thus, 11 one utility cannot
meet demand, and a second utility has excess capacity, the
second utility may sell blocks of power to the first utility. The
first utility may be at a disadvantage, because the cost to
purchase and transter the electric power to the area of demand
may be high. The second utility 1s able to take advantage of its
excess capacity by selling and distributing the electricity to
other providers.

The powerplant of the present invention can be used to take
advantage of growing markets, by allowing a provider to
produce additional electric power that may be sold to other
providers without suificient capacity. Alternatively, the pow-
erplant of the present invention may be used by a provider to
obviate the need for purchasing additional electric power
from another utility. Rather, the provider may use the power-
plant to produce incremental electric power in small blocks,
minimizing large incremental power block purchases from
other utilities. The powerplant can be located to provide elec-
tric power wherever it 1s needed. For example, the powerplant
may be placed at a distribution substation and tied into a
utility’s transmaission and distribution lines.

The powerplant of the present invention uses a gas turbine
engine to run an electric generator. More specifically, the
powerplant uses an aeroderivative gas turbine engine, such as
1s designed for a helicopter. The turbine engine may be pur-
chased new, or may be removed from an aircraft and retrofit-
ted for use 1n the powerplant. Although a variety of turbine
engines may be employed, preferably the turbine engine 1s a
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turboshaft engine. Gas turbine engines may produce 1n excess
of 1,000 horsepower and significant torque. It has been found
that turbo shait engines are easier to harness than are turbo
thrust engines.

A gearbox 1s preferably used to reduce the output speed of
the turbine engine to a predetermined value. While the turbine
engine may have an internal gear reduction, an external gear-
box 1s typically required to obtain the proper input speed to a
generator. It 1s possible to use a gearbox with either a fixed or
variable speed reduction. The 1mput of the gearbox 1s con-
nected to the output shaft of the turbine engine by a special-
1zed coupling.

The output shait of the gearbox 1s connected to the input
shaft of an electric power generator, such as a permanent
magnet generator, by a specialized coupling. Rotation of the
generator’s iput shaft and windings produces electric power
that can be output to a specific load or mto the power grid of
an electric utility. The generator can be selected to provide the
desired voltage and power output. For example, in one
embodiment, the generator may produce approximately 1.2
MW of power at 480 volts.

As can be seen from the foregoing, the various uses for the
gas turbine electric powerplant of the present invention may
include the need to operate the powerplant 1n an unattended
state. Thus, 1t 1s critical that the turbine engine be automati-
cally shut down should 1t become disconnected from 1ts load.
The control system of the present invention operates to auto-
matically shutdown the turbine engine 11 1ts speed exceeds a
predetermined limait, such as due to a failure of the gearbox or
generator. The main control system of the gas turbine electric
powerplant 1s microprocessor based system that 1s preferably
able to monitor a multitude of powerplant conditions, such as
tuel flow, various temperatures, turbine speed, and many
other conditions. The control system may be PC-based. The
control system and its associated soltware provides for real
time control and trend capabilities, based on the monitored
conditions and on user settings. Additional, mechanical con-
trol systems are provided to ensure that the turbine engine can
be slowed 11 a no-load situation occurs.

In conjunction with the main microprocessor-based con-
trol system and software, two particular mechanical systems
are provided to control the gas turbine engine should 1t
become disconnected from its load. These systems enable the
gas turbine electric powerplant to be safely operated 1n an
unattended condition. Because of the high rotational speed of
the gas turbine engine, should the load connected thereto be
suddenly removed, such as due to, for example, a broken
coupling, a gearbox failure, or other causes, the rotational
speed of the gas turbine engine could quickly exceed safe
operating limits. Thus, a sudden and unexpected removal of
the load will often cause the turbine engine to enter what 1s
commonly referred to as an “overspeed” or “runaway’ con-
dition. If nothing 1s done to slow the turbine engine, the result
of such a condition may be the failure of the engine and
possibly other components connected thereto. More cata-
strophically, the high rotational speeds that may result, can
cause the turbine engine to disintegrate, destroying the engine
and endangering persons and other equipment 1n the area.

In the gas turbine electric powerplant of the present inven-
tion, should the load on the turbine engine caused by driving
the gearbox and generator be suddenly dropped or signifi-
cantly reduced, action must be taken very quickly to prevent
the turbine engine from entering into an overspeed condition.
To this end, the gas turbine electric powerplant employs both
a compression relief system and an air directing system to
control the speed of the turbine engine 1n the case that an
overspeed condition 1s detected.

The gas turbine engine that 1s contemplated for use in the
present invention 1s preferably a split shaft, or free power
turbine engine—meaning that the turbine engine has sepa-
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rate, and mechanically mndependent gas producer and power
turbines. The turbine engine 1s also of the turboshaift variety,
meaning that the power turbine within the engine 1s coupled,
either directly or through a reduction gearbox, to an output
shaft. When an overspeed condition i1s detected by control
soltware monitoring the gas turbine electric powerplant, the
air directing system operates to slow down the turbine engine
by affecting the angle at which incoming air 1s fed to the gas
producer (compressor) turbine. In conjunction with operation
of the air directing system, the compression relief system acts
to slow down the turbine engine by removing incoming air
needed for combustion and subsequent powering of the tur-
bines. Consequently, even if the gas turbine electric power-
plant 1s operated 1n an unattended state, sate shutdown of the
turbine engine 1n response to an overspeed condition can be
accomplished.

The gas turbine engine 1s designed to operate on both liquid
and gaseous fuels that can provide a suflicient BTU output.
Specific microprocessor-controlled fuel valves are provided
based on the type of fuel that will be used to run the gas
turbine engine. The fuel valves may be changed 111t 1s desired
to change the type of fuel used with the powerplant. The
microprocessor-based design of each type of fuel valve
allows the valve to communicate with and respond to instruc-
tions from the microprocessor-based control system.

The assembled components of the gas turbine electric pow-
erplant preferably reside on a common base, such as on a
transportable skid. The assembled components of the gas
turbine electric powerplant may also be installed to a perma-
nent structure, such as the tloor of a factory. In the transport-
able version of the gas turbine electric powerplant, a special-
1zed frame 1s mounted to the skid and designed to recerve and
restrain the turbine engine. The frame 1s designed to maintain
the centerline of the turbine engine despite the thermal expan-
s1on thereol during operation. The size and weight of the gas
turbine electric powerplant components and skid allow 1t to
be transported by truck to virtually any site where electric
power 1s needed. Therefore, the gas turbine electric power-
plant of the present invention provides for a portable source of
significant electrical energy production that may be utilized
to meet a number of consumer needs.

BRIEF DESCRIPTION OF THE DRAWINGS

In addition to the features mentioned above, other aspects
of the present mvention will be readily apparent from the
following descriptions of the drawings and exemplary
embodiments, wherein like reference numerals across the
several views refer to 1dentical or equivalent features, and
wherein:

FIG. 11s an 1sometric view of an exemplary embodiment of
a gas turbine electric powerplant of the present invention;

FIG. 2 1s an exploded view of an air inlet section of the gas
turbine engine of FIG. 1;

FIG. 3 1s an exploded view of a gas compressor section of
the gas turbine engine of FIG. 1;

FIG. 4 shows the air inlet and gas compressor sections of
FIGS. 2 and 3 assembled to a diffuser section of the gas
turbine engine of FIG. 1;

FIG. 5 1s an exploded view of a combustion section of the
gas turbine engine of FIG. 1, which 1s designed for assembly
to the diffuser section of FIG. 4;

FIG. 6 1s an exploded view of a portion of an exhaust
diffuser designed for assembly to the combustion section of

FIG. 5, wherein a power turbine of the gas turbine engine of
FI1G. 1 1s also visible;

FIG. 7 1s an enlarged view of the gas turbine engine of the
gas turbine electric powerplant of FIG. 1, wherein a compres-
s10on relief system 1s shown to be installed thereto; and
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FIG. 8 1s an enlarged view of a portion of the turbine engine
of FIG. 1, wherein an air directing system 1s shown to be
installed thereto.

DETAILED DESCRIPTION OF TH
EXEMPLARY EMBODIMENT(S)

(Ll

An 1sometric view of one embodiment of a gas turbine
clectric powerplant 10 of the present mvention can be
observed 1n FIG. 1. The gas turbine electric powerplant 10
preferably resides on a unitary base, such as the skid 20
shown. In this manner, the entire gas turbine electric power-
plant 10 can be easily and conveniently transported to virtu-
ally any location requiring electric power production. It 1s
also possible, however, to assemble the gas turbine electric
powerplant 10 onto a fixed mounting surface, such as, for
example, the floor of a factory.

The gas turbine electric powerplant 10 1s shown to be
powered by a gas turbine engine 30, which can be better
observed by reference to FIGS. 2-7. The gas turbine engine 30
may be aeroderivative, such as 1s intended for use 1n a heli-
copter or other aircrait. Preferably, the gas turbine engine 30
1s a turboshalt engine, wherein an output shait connected to a
power turbine within the engine 1s provided for coupling to an
external device. The use of a turboshaft-type gas turbine
engine 30 1s preferred over other types of turbine engine
designs because the turboshaft engine exhibits less residual
thrust. Various turboshaft engines may be employed to drive
the gas turbine electric powerplant 10 of the present inven-
tion. For example, suitable turboshait engines may be
obtained from Avco/Lycoming, Honeywell (Allied Signal),
Pratt & Whitney, Rolls Royce, Turbomecca, and other similar
manufacturers. In this particular embodiment of the present
invention, the gas turbine engine 30 1s a'1-53 series turboshatt
engine manufactured by (Allied Signal) Avco/Lycoming
(now Honeywell), headquartered in Phoenix, Ariz. The T-33
turboshaift engine 1s designed primarily for powering helicop-
ters, and several different configurations thereof are available.

In this particular embodiment, the gas turbine engine 30
can produce in excess of 1,400 shaft horsepower at output
shaft rotational speeds of up to approximately 21,000 revo-
lutions per minute. This particular gas turbine engine 30 1s
also of split shaft (Iree power) design; meamng that there is a
combustion turbine connected by a first shatt to a compressor,
and also a power turbine having a separate output shaft.

Because of the high rotational speeds and torque output
that 1s generated by the gas turbine engine 30, a specialized
engine mounting system 40 1s used to secure the turbine
engine 30 to the skid 20 or other mounting surface. The
engine mounting system 40 can best be seen 1n FIG. 7. Rather
than using a rigid mounting, the present invention utilizes a
specialized engine mounting system 40, wherein the turbine
engine 30 1s effectively allowed to float within a solid mount-
ing frame 30 that 1s securely fastened to the skid 20 or other
mounting surface. The bearing mount system 40 permits ther-
mal expansion of the turbine engine 30, while at the same time
maintaining the position of the output shaft centerline. The
engine mounting system 40 also assists in reducing vibrations
within the gas turbine electric powerplant 10 that can result
from the rotational motion of the turbine engine 30. Prefer-
ably, the engine mounting system 40 utilizes a series of
mounting shafts that are secured at substantially uniformly
spaced intervals around the outer circumierence of the turbine
engine 30. Each of the mounting shafts 1s received by a
corresponding linear bearing located on the mounting frame

50.

An output shaft of the turbine engine 30 1s coupled to the
input of a speed reducing gearbox 60, to obtain a desired final
output shatt speed for driving a generator 70. The final output
shaft speed may vary depending on the particular generator
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that 1s driven by the turbine engine 30. In this particular
embodiment o the powerplant 10, the final output shaft speed
1s selected to be approximately 1,800 revolutions per minute
when driven at the substantially normal operating speed of the
turbine engine 30. It is also possible to couple a variable speed
gearbox to the output shaft of the turbine engine 30, whereby
variable speed reductions thereof may be achieved.

An output shaft of the gearbox 60 1s connected to the input
shaft of an electric power generator 70 by a specialized cou-
pling. Various generators may be employed by the gas turbine
clectric powerplant 10 to provide electric power. In the par-
ticular embodiment of the gas turbine electric powerplant 10
described herein and illustrated in the drawing figures, the
generator 70 1s a permanent magnet generator. The generator
70 may provide single-phase or 3-phase power at the desired
output voltage. The specific operating parameters of the gen-
erator 70 can be selected based on the particular application to
which the gas turbine electric powerplant 10 will be applied.

A cooling system 1s also preferably provided to treat vari-
ous components ol the gas turbine electric powerplant 10
during operation. In this embodiment, the cooling system
consists of two separate, closed cooling loops, each with 1ts
own cooling fluid pumps. The pumps can operate on AC
power, DC power, or both. In this particular embodiment of
the gas turbine electric powerplant 10, the cooling fluid
pumps operate on 24Vdc power from an alternator. The alter-
nator 1s driven by a belt that 1s connected to a pulley mounted
to the output shatt of the speed reducing gearbox 60.

One cooling loop provides cooling to the gearbox 60. The
other cooling loop provides inlet pressure and the cooling
necessary for continuous operation of the gas turbine engine
30. The cooling pumps preferably draw cooling fluid from a
cooling fluid reservoir for circulation to the gearbox 60 or gas
turbine engine 30. The cooling fluid 1n each cooling loop 1s
preferably also circulated through a heat exchanger that 1s
associated with each cooling loop. Each heat exchanger may
also be provided with one or more cooling fans to provide
increased cooling of the cooling fluid when necessary. Pret-
erably, cooling system temperatures are monitored by the gas
turbine electric powerplant’s control system software. It the
temperature of the cooling fluid exceeds a predetermined
value, the control software activates one or more of the cool-
ing fans mounted to the heat exchangers.

The gas turbine engine 30 of the gas turbine electric pow-
erplant 10 1s designed to operate effectively on a number of
different fuels of both a liquid and gaseous variety. Preferably,
however, the fuel 1s able to provide a thermal energy output of
at least 600 BTU per cubic foot. Examples of acceptable
liquid fuels 1include, among others, gasoline, diesel fuel, jet
tuel, kerosene, and 1sopropyl alcohol. Acceptable gaseous
fuels may include, among others, hydrogen, natural gas, pro-
pane, butane, and 1sopropane. The particular gas turbine elec-
tric powerplant 10 described 1n detail herein 1s adapted to
operate on natural gas.

The selected tuel 1s preferably supplied from a fuel source
to the gas turbine engine 30 via a microprocessor-controlled
fuel metering valve (not shown). When a liquid fuel 1s used to
power the gas turbine engine 30, a liquid fuel valve 1s
employed to meter the fuel supply. The liqud fuel valve
preferably has an integrated microprocessor that allows the
valve to exhibit fast response times. When a gaseous fuel 1s
used to power the gas turbine engine 30, a gaseous fuel valve
1s 1nstalled on the powerplant 10. Like the liquid fuel valve,
the gaseous fuel valve preferably makes use of an integrated
microprocessor based electronic controller.

Based on the many uses for a gas turbine electric power-
plant 10 of the present invention, 1t 1s desirous that the gas
turbine electric powerplant be able to run 1n an unattended
condition. To this end, 1t 1s necessary to ensure the automatic
and safe shutdown of the gas turbine engine 30 should the
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turbine engine become disconnected from the load (generator
and/or speed reducer). I the gas turbine engine 30 becomes
disconnected from the generator 70, or the load imparted by
the generator 1s somehow removed, and operation of the gas
turbine engine 1s allowed to continue without intervention,
the rotational speed thereot will likely increase beyond a safe
limit. This condition 1s often referred to as an “overspeed™ or
“runaway’”’ condition. An overspeed condition can lead to the
failure of the gas turbine engine 30. More seriously, an over-
speed condition can lead to the disintegration of the gas
turbine engine 30 1f the rotational speed thereof increases
beyond the limits of the engine’s components. Therelore,
runaway of the gas turbine engine 30 must be prevented for
both operational and safety reasons.

To this end, the gas turbine electric powerplant 10 of the
present invention employs an overspeed control system 80 for
controlling an overspeed condition and causing the safe shut-
down of the gas turbine engine 30—even when an operating
gas turbine electric powerplant 1s left unattended. More spe-
cifically, the overspeed control system 80 of the gas turbine
clectric powerplant 10 utilizes a combination of an overspeed
air dump (compression reliel) system 90, and an air directing
system 150 to control the turbine engine during an overspeed
(runaway) situation.

Both the compression relief system 90 and the air directing
system 150 are in electrical communication with the control
software of gas turbine electric powerplant 10. Thus, the
customized control software of the gas turbine electric pow-
erplant 10 1s used to detect an overspeed condition, and to
control the gas turbine engine 30 by activating the compres-
sion relief and air directing systems 90, 150, respectively.

Although the overspeed control system 80 1s described 1n
detail herein with regard to its use on the particular gas turbine
engine 30 of the exemplary embodiment, it should be realized
that the overspeed control system of the present invention and
its method of use can also be applied with success to other
types of split-shalt gas turbine engines.

The type of turbine engine contemplated for use 1n the gas
turbine powerplant 10 1s a free power turbine engine, such as
the 'T-53 gas turbine engine 30 shown. This type of gas turbine
engine 30 has a separate and mechanically independent com-
pressor turbine 250 and power turbine 310. Exploded views
ol the various sections of the gas turbine engine 30 can be seen
in FIGS. 2-6. In operation, air enters an inlet section 200 (FIG.
2) at a first end 210 of the gas turbine engine 30. The inlet
section 200 of the gas turbine engine 30 1s designed to route
the incoming air to a second, compressor section 230 (FIG. 3)
of the turbine engine. A pair of gearboxes (not shown) are
commonly mounted to the outer housing of the inlet section
200. The gearboxes are commonly used to drive accessories
associated with an aeronautical use of the gas turbine engine
30. A gearbox may be driven by each of the compressor
turbine 250 and a power turbine 310.

The compressor section 230 of the gas turbine engine 30 1s
comprised of an external housing 240 encasing a compressor
turbine 250. To the compressor turbine 250 may be attached
one or more types ol blade, or vanes 260, 270, to provide an
axial (annular) and/or centrifugal compression of the air as 1t
moves through the compressor section of the gas turbine
engine 30. In the particular gas turbine engine 30 shown 1n
FIGS. 1-7, the compressor section 230 creates both axial and
centrifugal compression. The compressor section 230 func-
tions to 1ncrease the pressure of the air moving therethrough
in order to improve combustion conditions in the following
combustion section 300, as well as to facilitate the resulting

flow of hot gases from the combustion section through the
turbines 250, 310.

In the particular gas turbine engine 30 described herein, the
compressed air next travels through a diffuser section 280
(FIG. 4), which 1s designed to slow and further increase the
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pressure of the air recetved from the compressor section 230,
as well as to redirect the flow direction thereof. From the
diffuser section, air enters the combustion section 300 of the
gas turbine engine 30, where a portion thereof 1s removed for
use 1n tlame control and cooling, and the remaining portion 1s
mixed with fuel and burned. The burning of the air and fuel
develops hot gases, which are routed to both the gas compres-
sor turbine 250 and the power turbine 310 to cause the high-
speed rotation thereof. The hot exhaust gas may be directed
by an exhaust diffuser 320, a portion of which can be seen in

FIG. 6.

Based on the operation of the gas turbine engine 30, the
overspeed control system 80 operates to control an overspeed
condition thereof 1n two ways. First, the compression relief
system 90 1s employed to remove operating air from the gas
turbine engine 30 1f an overspeed condition develops.

The compression relief system 90 can be best observed by
reference to FIG. 7. To best eflectuate air removal from the
particular gas turbine engine 30 shown, compression relief
outlets 100 are preferably located around the periphery of the
gas turbine engine. The compression relief outlets 100 are 1n
communication with the inlet portion of the turbine engine’s
combustion section 300. When using an alternative gas tur-
bine engine, such as one of those previously mentioned, com-
pression reliet outlets may be placed 1n alternate locations, a
different number of outlets may be employed, or the outlets
may be replaced with an alternate means of effecting air
removal from the engine. A specialized manifold 110 1s pret-
erably provided to communicate with each of the compres-
s1on relief outlets 100 or other air removal pathways, by way
of aconnector 120. Each connector may be constructed of, for
example, rigid or flexible tubing. In this embodiment, the
mamifold 110 1s designed to encircle at least a portion of the
gas turbine engine 30, and 1s disposed near the combustion
section 300 to be in the vicinity of the compression relief
outlets 100. When other gas turbine engines are employed
with the powerplant, the manifold may be adapted to best
receive arr from the engine. As such, the size, shape, and
location of the manifold may be altered accordingly.

In the case of an overspeed (runaway) condition, air mov-
ing from the compressor section 230 1nto the combustion
section 300 of the gas turbine engine 30 1s transierred there-
from to the mamiold 110 through the compression relief
outlets 100. The manifold 110 may be adapted to direct the air
to the atmosphere or, alternatively, the air may be captured
and/or used by another device. Preferably, the air 1s trans-
ported from the manifold 110 through one or more exhaust
lines 130. In an alternate embodiment, the compression relief
outlets 100 may simply be coupled to one or more exhaust
lines 130 by way of extended connectors 120, thereby obvi-
ating the need for the manifold 110. In this embodiment, each
of the connectors 120 may terminate at a central block, or
could simply be sealed 1nto the exhaust line 130. In either
embodiment, the exhaust line(s) 130 are preferably routed
through an electronic valve (not shown), such that the path-
way to the atmosphere 1s restricted unless a runaway condi-
tion occurs. An electronic valve from the Parker Hannifin
Corporation in Cleveland, Ohio may be used for this purpose,
although other electronic valves may also be successtully
employed.

Preferably, the air 1s removed from the combustion section
300 of the gas turbine engine 30 prior to its mixing with fuel
and subsequent burning. Thus, under the normal operating
conditions of this particular embodiment of the gas turbine
clectric powerplant 10, activation of the compression relief
system 90 will cause air to exit to the atmosphere through the
clectronic valve at a pressure of approximately 80 pounds per
square inch, and a temperature of approximately 300 degrees
Fahrenheit. Thus, when activated, the compression relief sys-
tem 90 acts to draw necessary combustion air away from the
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combustion section 300 of the gas turbine engine 30, thereby
reducing the amount of combustion that can occur. Reduced
combustion results 1n a lesser production of hot gases and,
therefore, a slowing of the compressor turbine 250 and power
turbine 310 that are driven thereby.

An airr directing system 150 1s also provided to work 1n
conjunction with the compression relief system 90. The air
directing system 150 1s adapted to control the angle at which
air entering the gas turbine engine 30 impinges the engine’s
compressor blades.

As can be seen 1n FIG. 2, a set of variable ilet guide vanes
220 1s located 1n the gas turbine engine 30, between the air
inlet section 200 and the compressor section 230 thereot. The
inlet guide vanes 220 are provided to straighten the air flow
traveling from the air mlet section 200 into the compressor
section 230, and to direct the air flow onto the blades 260 of
the first stage of the compressor turbine 250 at the proper
angle. The inlet guide vanes 220 are designed to automati-
cally adjust their angle as necessary to maintain the correct
path of the air tflow.

The air directing system 150 1s provided to override the
automatic adjustment function of the inlet guide vanes 220,
by causing a manual adjustment to the angle thereof. Thus,
the air directing system 150 1s, 1n effect, an inlet guide vane
(IGV) control system. More specifically, the air directing
system 150 1s preferably adapted to control the angle of the
inlet guide vanes 220 in order to direct the angle at which the
incoming air tlow impinges the first set ol the turbine engine’s
compressor blades 260. The air directing system 150 prefer-
ably uses an electromechanical actuator 160 to accomplish
this task. However, 1t should be realized that another type of
actuator, such as a pneumatic or hydraulic actuator may also
be employed. The electromechanical actuator 160 1s con-
nected to an adjusting rod 170. The adjusting rod 170 enters
the gas turbine engine 30, and 1s physically connected to the
inlet guide vanes 220, such that the angle thereof may be
manually set.

Consequently, when an overspeed condition 1s detected by
the control software, a signal 1s sent to the electromechanical
actuator 160 that results 1n movement of the adjusting rod
170, and a corresponding change in the angle of the inlet
guide vanes 220. The angle of the inlet guide vanes 220 1s then
set by the air directing system 150, such that the air entering
the gas turbine engine 30 impinges the engine’s compressor
blades 260 at a less than optimum angle. The result of this
adjustment 1s a reduction 1n compressor efficiency, which 1n
turn results 1n less compressed air for supply from the com-
pressor section 230 to the combustion section 300 of the gas
turbine engine 30. Thus, the combustion process 1s further
impeded, resulting 1n production of even less hot gases for
powering the turbines 250, 310.

A microprocessor-based control system 1s used to manage
the operation of the gas turbine electric powerplant 10. The
control system may be PC-based. The control system receives
inputs from a multitude of sensors positioned at various loca-
tions throughout the powerplant. Sensors are provided to
report on, for example, turbine speed, turbine engine exhaust
gas temperature, turbine engine inlet temperature, gearbox
output shait speed, generator output voltage, gearbox oil
pressure and temperature, turbine engine oil temperature,
bearing temperature, fuel flow rate, and inlet guide vane posi-
tion.

The control system pretferably operates in real time. The
control system of the present mvention dispenses with the
need to utilize relays, timers, or other control hardware.
Rather, the control system software replaces the control hard-
ware and directly reads the inputs, calculates the control
actions, and writes the outputs. The operator of the power-
plant preferably communicates with the control system via an
operation interface. Powerplant conditions can preferably be
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monitored by reference to a CRT screen portion of the opera-
tion 1nterface. The operator can preferably enter lab data, set
data, set points, outputs, and controller modes, and may
acknowledge alarms, and perform multiple other tasks from a
keyboard or from a touch screen. Several views are preferably
available that enable the operator to monitor various aspects
of the powerplant.

The microprocessor-based control system also specifically
operates to activate the overspeed control system when a
runaway condition of the gas turbine engine 30 1s detected.
The compressionreliel system 90 and the air directing system
150 are activated by the gas turbine electric powerplant’s
control software, in response to a signal from one or more
sensors. Sensors may monitor a variety of powerplant 10
conditions 1n order to detect an overspeed condition of the gas
turbine engine 30. For example, sensors may be provided to
monitor the rotational speed of the compressor turbine 2350
and power turbine 310, the rotational speed of the gearbox 60,
the rotational speed of the generator 70, and a multitude of
other conditions. Certain of the sensors may be mounted to
the gearboxes on the housing of the inlet section 200 of the gas
turbine engine 30.

Although the present application describes with particular-
ity an electric powerplant driven by a gas turbine engine, 1t
should be realized that the overspeed control system of the
present mvention could also be used when the gas turbine
engine 1s used to drive a device other than an electric genera-
tor. For example, the generator may be replaced with a com-
pressor or a pump. In this manner, high-capacity, portable,
compressor or pump systems may be created. Such systems
may be used, for example, to drive natural gas through pipe-
lines, or to pump liquids, such as o1l or water. Such systems
may be especially useful in remote locations, or at temporary
sites, where assembling and installing permanent equipment
1s difficult or undesirable. The overspeed control system
enables such a system to be safely operated for extended
periods 1n an unattended condition.

The overspeed control system of the present mvention
allows the gas turbine electric powerplant to provide a safe,
unattended source of electrical power that can be used 1n a
variety of locations and situations. It 1s to be understood that
the particular embodiment of the overspeed control system 80
described herein 1s provided for purposes of illustration and
not limitation, and other embodiments may be possible, such
as for application to different gas turbine engines. As such, the
scope of the mvention 1s not to be considered limited by the
above disclosure, and modifications are possible without
departing from the spirit of the invention as evidenced by the
following claims.

What 1s claimed 1s:

1. A turbine engine overspeed control system for use with
a gas turbine engine of a gas turbine electric powerplant,
comprising;

a first overspeed control subsystem operational to rapidly
transier combustion air from within said gas turbine
engine to a location outside of said gas turbine engine;

a second overspeed control subsystem operational to alter
a tlow of incoming air in a manner that produces a
reduction 1n turbine engine compressor eificiency;

one or more sensors for determining an overspeed condi-
tion of said gas turbine engine; and

control software 1n communication with said one or more
sensors, said control software operative to transmit an
activation signal to said first and/or second overspeed
control subsystem 1n response to receipt of an overspeed
signal from said one or more sensors;

wherein, upon activation, said first and/or second over-
speed control subsystem operates to rapidly reduce the
rotational speed of said gas turbine engine.
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2. The turbine engine overspeed control system of claim 1,
turther comprising one or more compression relief outlets
associated with said first overspeed control subsystem for
facilitating said transfer of combustion air from within said
gas turbine engine to a location outside of said turbine engine.

3. The turbine engine overspeed control system of claim 1,
turther comprising a manifold associated with said first over-
speed control subsystem for receiving said combustion air
transierred from within said gas turbine engine.

4. The turbine engine overspeed control system of claim 3,
wherein said manifold is located near a combustion section of
said gas turbine engine.

5. The turbine engine overspeed control system of claim 3,
wherein one or more compression relief outlets are provided
to direct said air from said combustion section of said gas
turbine engine to said manifold.

6. The turbine engine overspeed control system of claim 1,
turther comprising at least one exhaust line associated with
said first overspeed control subsystem for directing combus-
tion air away from said gas turbine engine.

7. The turbine engine overspeed control system of claim 6,
turther comprising an electronic valve connected to said at
least one exhaust line, said electronic valve for blocking the
pathway of said air through said exhaust line during transter
of said combustion air.

8. The turbine engine overspeed control system of claim 1,
wherein said second overspeed control subsystem employs
an actuator that 1s activated by said control software to adjust
the position of a set of inlet guide vanes located within an inlet
portion of said gas turbine engine.

9. The turbine engine overspeed control system of claim 8,
wherein said actuator 1s an electromechanical actuator.

10. The turbine engine overspeed control system of claim
1, wherein a sensor 1s provided for monitoring and reporting
the rotational speed of each turbine of said gas turbine engine,
and a gearbox and generator associated with said gas turbine
engine.

11. A method for controlling an overspeed condition of a
gas turbine engine of a gas turbine electric powerplant, said
method comprising:

providing a first overspeed control subsystem that operates

to rapidly transfer air from a combustion section of said
gas turbine engine to a location outside of said gas tur-
bine engine;

providing a second overspeed control subsystem that oper-

ates to decrease the efficiency of a compressor turbine
located within said gas turbine engine by altering the
angle at which air travels through an inlet portion
thereof;

providing one or more sensors to detect an overspeed con-

dition of said gas turbine engine;

providing control software in communication with said

one or more sensors said control software operative to
transmit an activation signal to said first and/or second
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overspeed control subsystem 1n response to receipt of a
turbine overspeed signal from said one or more sensors;

whereby, operation of said first and/or second overspeed
control subsystem results 1n a rapid reduction in the
rotational speed of said gas turbine engine.
12. The method of claim 11, wherein air removed from said
combustion section of said gas turbine engine is directed to
the atmosphere.
13. The method of claim 11, wherein air removed from said
combustion section of said gas turbine engine 1s collected 1n
a manifold before being directed to the atmosphere.
14. The method of claim 11, wherein air removed from said
combustion section of said gas turbine engine 1s captured.
15. The method of claim 11, further comprising providing
a plurality of compression relief outlets for facilitating the
transier of air from said combustion section of said gas tur-
bine engine to a location outside of said gas turbine engine.
16. The method of claim 11, wherein said second over-
speed control subsystem operates by adjusting the angle of a
set of ilet guide vanes so that incoming air impinges on the
blades of a compressor turbine located within said gas turbine
engine at a less than an optimum angle.
17. The method of claim 11, further comprising cutting oif
a supply of fuel to said gas turbine engine.
18. The method of claim 11, wherein said first and second
overspeed control subsystems operate simultaneously to slow
the rotational speed of said gas turbine engine.
19. A method for controlling an overspeed condition of a
gas turbine engine of a gas turbine electric powerplant, said
method comprising:
providing a compression relief system that operates to
transier air from a combustion section of said gas turbine
engine to a location outside of said gas turbine engine,
thereby depriving rotation imparting air from one or
more turbines located within said gas turbine engine;

providing an air directing system that operates to decrease
the efficiency of a compressor turbine located within
said gas turbine engine by altering the angle at which
incoming air 1s supplied to said compressor turbine;

providing one or more sensors to detect an overspeed con-
dition of said gas turbine engine;

providing control software 1n communication with said

one or more sensors, said compressionrelief system, and
said air directing system; and

employing said control software to transmit an activation

signal to said compression relief system and/or said air
directing system 1n response to receipt of a turbine over-
speed signal from said one or more sensors.

20. The method of claim 19, wherein said compression
relief system and said air directing system operate simulta-
neously to rapidly reduce the rotational speed of said gas
turbine engine.
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